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Abstract

Particulate matter (PM) and formaldehyde, as key air pollutants, pose significant threats to human
health and societal development. However, current air purification methods often suffer from limita-

NESIH: B, XIeH, T, BN, ARSLEE, BRISGHR. AR S AR R - HR R R R A A S TR R A A
RS RCR IEE R ] R4 T 7, 2025, 15(5): 745-755. DOI: 10.12677/aep.2025.155084


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2025.155084
https://doi.org/10.12677/aep.2025.155084
https://www.hanspub.org/

AR 4

tions such as low efficiency, high costs, and non-recyclability of materials. To address these challenges,
this experiment employed a solution absorption-electro-Fenton system. The device utilized a polypyr-
role film to partition the gas stream into micro-bubbles for pollutant absorption, followed by oxida-
tive degradation via electro-Fenton technology. The effects of initial inlet concentration, gas flow rate,
and currentintensity on the removal efficiency of different sized particulate matter and formaldehyde
were systematically investigated. Results demonstrated optimal performance under the following
conditions: initial PM concentration of 200 ppm, formaldehyde concentration of 0.48 mg/m3, gas flow
rate of 300 mL/min, and current intensity of 150 mA. The absorption process adhered to first-order
kinetics, exhibiting excellent purification efficacy.
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Figure 1. Schematic diagram of purification unit
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Figure 2. Effect of initial inlet air concentration on absorption and kinetic fitting of particulate matter of different particle sizes
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Figure 3. Effect of gas flow on the absorption and kinetic fitting of particulate matter of different particle sizes
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Figure 4. Effect of current intensity on the absorption and kinetic fitting of particles of different particle sizes
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Figure 5. Effect of initial inlet air concentration on formaldehyde absorption and kinetic fitting

Bl 5. MlsitSRENREORESHAFUEHEN

3.2.2. SEREFM

WIAHE SR E N 0.90 mg/m?®, HELRE Y 150 mA, JE T 4E 100 ml/min. 200 ml/min 1 300 ml/min
SANRAEE T R FE AR AL DL RSO AR R — 3 1 A DL, S5 R 6 B . Bl & RS A] )
R, SARFE AN R EEIR B RN MBS . SRR 100 m/min, 200 ml/min. 300 ml/min B 23 FR%L
I —2% 50 1% k AH 2519 0.00727. 0.01587. 0.02011, A WAMRERA, EBBURRGE. ARSI
ME NENFENE RBERYBIRT 0.9, RIFANFSARE N FEENLBREAFFE RN 1%, Gt
SIHT R ISRV BT S PR A B M (p = 0.885, 1 < 0.05), JRR &S AR B IS inimi, 2
T N SORE BV A5 ST A%, R [ B T P A0 K 34 A ol e bt RO S i 388 o T 8 355 R ) 2%

L0, —=— 100ml/min 6 = 100ml/min

s —e— 200ml/min e 200ml/min

& a —aA—300ml/min L 4 300ml/min
ost A\

o\ \_
° \\. ar .
0.6 A \ . -~
S ° N < . | y=0.02011-0.18964x .
33 N\ u g [ R>=0.97999
0.4k A \ u k= . & y=0.01587-0.39345x
‘ \ ) \\. " R?=0.92592
A A
: \ \. 5" a
0.2 % Ry . T.
\, e M m " " y=0.00727-0.5045x
A \ ~u_ 3
iy R*=0.93401
0.0 N *e e 0
1 L Il 1 1 L 1 L 1 1 1 L L L 1 1 1 1 1
0 40 80 120 160 200 240 280 320 360 400 440 480 0 40 80 120 160 200 240 280 320 360 400 440 480
A (min) B 1E (min)
g R

Figure 6. Effect of gas flux on formaldehyde absorption and kinetic fitting
E 6. SEREXRERKSHHFLERIFNE

DOI: 10.12677/aep.2025.155084 753 N RI R Y


https://doi.org/10.12677/aep.2025.155084

AR 4

3.3. BRUDFL 3 B XA B EE O IR YicH 2

23S P ORE A B8 To 3 R AN SO R THT S VR R, REARIROR PR G PMLO MR ER, 5 S5
TR AR, T NERE A In PM2.5. PMIL.0. PMO.3 ¥ BOiERC R, @A S S B A A
DRV AR 2B, B S o B 4H /NS N L 5 Th REVE TR AT AR, AT S IR A A
FEAHR RS 12]-[15].

AR R R /N 0%, AT S 3 AR P R NVBROAE S TR 2 A 7K B e I T 48 T B Vv R A [ 16] [17]
FEL S50 B AR A T O 88 Ik 4 R 7388 5 I N A B Ho O VR 1 Fe i1k HoOo A2 R i 1% < OH, fE—E HY
WHEE Nz AR AR e AL OH [18] [19], FHEEHE » OH MUk ik S BEAE i b (B P~ IR S, 2 )5 it
— M CO, [20] [21], PAULFEMREThREE P I 707, T ORAEMRUSS L8R

4. ZRERE

(1) AFEPRARBRAIBTAG 3R LS KRR 2 B2 UG, WA ORFERRAIC, BORA) 0 LRtk
TS A B R PRI P 5 ORI ) 25 R 3R A O RS 2 . R L B e A SRR B B 3 B AR ORI aR <
WEEAH R AR .

(2) VAT ~ LS AR ] I T A A R AT FL S AR A A R 2 R A A R AN TR AR T R
YR, SRR REF

(3) WML - 2 R G T RETE TR IS B 5 F 2 A BOR AR S &, SEB T i AT A PR M
AT R HEAT B, ASKRATEIRT « OH AR . I D REVAVRIC L« $R 1256 B S M 55 U7 T 4k 48
RAWTIT, RIEAF IS P A T5 R AT 8, SClis e UM s B0 .

E&WMAE

B 2K e KA A A BN ZR i RI(SSRT) U H (Fi H 4 5. 202410703050)—— M Tl + |

SREHA B T S S R G

SE

[11 B/, KESRSEFRYIE R 5 HE[)]. BRITIREEEK, 2024, 37(12): 95-97.
[

]
2] AT, mEN. BNESITR MG ITEGR]T]. BRI SEIR, 2022, 45(S1): 254-262.
[3] SKUEBR, Bk TR 2 SR IR &5 YR F T AT [I]. thPEA T, 2025, 45(2): 274-276.
[4] B0 BT EARAER A & LA A —— = AR EMEEN]. R ESBEBith, 2024(10): 46-

47.

[5] Niu, X., Ju, T., Li, B., et al. (2024) Characteristics, Future Trends, and Transport Path Analysis of Atmospheric Formal-
dehyde Pollution: A Case Study of Argentina. Academic Journal of Environment & Earth Science, 6,43-53.

[6] REHH, MIER. KR NBHER T RS R MR R(ES/R), 2025, 51(1): 1-11+25.

[7] Gonzalez-Martin, J., Kraakman, N.J.R., Pérez, C., Lebrero, R. and Mufioz, R. (2021) A State-of-the-Art Review on
Indoor Air Pollution and Strategies for Indoor Air Pollution Control. Chemosphere, 262, Article 128376.
https://doi.org/10.1016/j.chemosphere.2020.128376

[8] FEL. PS/PHMS £ RIEZHAKL YL 1] 28 S U R [D]: (AL 2= A0 3], A o B, 2024.
[91  FEBHABH. T FLERATE M il 48 B HHie 2 R e R Bt 1 RE A 9E[D]: [ 260830, Kb i ol B R 22,
2024.
[10] fEHEPE, ZR4E. St S IR TE LB I o B 0 RE D], 3 76T, 2023, 52(7): 1054-1057.
[11]  S&B, S, 25, & ERRI-HRZF0 T 200 2 S h Bk H2S 1A Re S FEMANLEE]. BR8E 1A,
2024, 42(12): 155-165.
[12] Zhang, Y., Han, Y., Ji, X, Zang, D., Qiao, L., Sheng, Z., et al. (2022) Continuous Air Purification by Aqueous Interface

DOI: 10.12677/aep.2025.155084 754 N RI R Y


https://doi.org/10.12677/aep.2025.155084
https://doi.org/10.1016/j.chemosphere.2020.128376

AR 4

[13]
[14]
[15]
[16]

[17]
[18]

(19]

[20]

[21]

Filtration and Absorption. Nature, 610, 74-80. https://doi.org/10.1038/s41586-022-05124-y

MR BT RS E WSR2 BRI 7L [D]: [ 1220 50]. B B, 2022.

XE A, R, RCOKRBRAI 2577 0], BHEEE, 2014(6): 251.

WRise s, WEEME, BT, & JUMNRIHNE PRI KRR % BR RCR L T]. BHE GRS R, 2015(16): 76.
Zhai, Z., Li, Y., Li, Z., et al. (2025) Enzymatic Cleanup of Formaldehyde in Aqueous Solutions. ChemSusChem, 2025,
€202402711.

FERH, R, FHAKE. KR VOCs BRR BT[], o EBIRLE S FIH, 2020, 38(5): 16-18.

R, WG, P, . =4k H SRR ORYE ME R DL K AL R AT AU R (D). KA EEEER, 2025, 51(2):
29-36.

Babu, D.S., Srivastava, V., Nidheesh, P.V. and Kumar, M.S. (2019) Detoxification of Water and Wastewater by Ad-
vanced Oxidation Processes. Science of The Total Environment, 696, Article 133961.
https://doi.org/10.1016/j.scitotenv.2019.133961

XIMR %, SKERNY, 2R, 5. =N S S Yo v BB BOR W SURE /R (0], A 4R T2, 2020, 49(8): 2101-
2106+2111.
Hu, Z., Lai, S., Chen, Y., Wang, S., Wang, C., Wang, X., et al. (2024) Mechanisms of Efficient Indoor Formaldehyde

Removal via Electro-Fenton: Synergy in ‘OH Generation and Utilization through a Modified Carbon Cathode. Environ-
mental Pollution, 351, Article 124090. https://doi.org/10.1016/j.envpol.2024.124090

DOI: 10.12677/aep.2025.155084 755 N RI R Y


https://doi.org/10.12677/aep.2025.155084
https://doi.org/10.1038/s41586-022-05124-y
https://doi.org/10.1016/j.scitotenv.2019.133961
https://doi.org/10.1016/j.envpol.2024.124090

	不同条件对溶液吸收–电芬顿技术净化空气中颗粒物和甲醛效果的影响
	摘  要
	关键词
	The Effect of Different Conditions on the Purification of Solution Absorption-Electric Fenton Technology on Particulate Matter and Formaldehyde in the Air
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 主要试剂与仪器
	2.1.1. 实验试剂
	2.1.2. 实验设备
	2.1.3. 实验材料

	2.2. 实验装置和工艺流程
	2.3. 颗粒物和甲醛的吸收实验条件
	2.4. 分析方法

	3. 结果与讨论
	3.1. 吸收净化装置对颗粒物的吸收与动力学拟合
	3.1.1. 颗粒物初始进气浓度影响
	3.1.2. 气体流量影响
	3.1.3. 电流强度影响

	3.2. 吸收净化装置对甲醛的吸收与动力学拟合
	3.2.1. 甲醛初始进气浓度影响
	3.2.2. 气体流量影响

	3.3. 吸收净化装置对颗粒物和甲醛的吸收机理

	4. 结论与展望
	基金项目
	参考文献

